For the purpose of biometric applications, we explore in this paper a new robust approach to characterizing palmprint features. Instead of processing the acquired image in the spatial domain, the proposed technique extracts palmprint features using Radon transform and a geometric Delaunay triangulation jointly. In such a process, Radon transform enables the extraction of directional characteristics from the palm of the hand. Afterwards, the most significant information is structured using Delaunay triangulation, thus providing a specific palmprint signature. In order to compare the uniqueness as well as the stability of the palmprint signature, Hausdorff distance has been used as a criterion of similarity. As will be shown in this paper, the palmprint signature is very robust even when considering a low Signal-to-Noise Ratio (SNR). Promising results are obtained from a local database containing 200 palmprint images. This technique is mainly appropriate for authentication applications.
INTRODUCTION
Biometrics is a field of science and technology whose goal is the identification or verification of individual identities using their physiological and behavioral characteristics. Certain forms of measurement related to the physiology of the individuals such as fingerprints and palmprints are commonly considered to be the most reliable techniques when dealing with individual automatic identification or verification.
Within this context, the palmprint, in comparison to other modalities, has several advantages therefore making its use easy and practical. For instance, only low-resolution images are required and low cost capturing devices can be used. Moreover, one can easily extract several features required for both identification and verification purposes such as principal lines, wrinkles, ridges, minutiae points, singular points, texture, etc. Texture and palm lines are the most clearly observable in low resolution. For this reason, they are extensively employed in verification applications. From the existing literature, several methods have been proposed to date. Primarily, these methods are based upon morphological characteristics [1, 21] . For example, Zhang et al. [10] use a Gabor filter to extract what has been called "Palm code" [10] . Chen and Xie [15] use a dual tree complex wavelet to extract the textural energy of the palmprint. Lie and You have proposed a texture-based retrieval scheme palmprint using a layered search [22] . Zhang and Zhang use a wavelet template over-directional context modeling and expansion to extract principal lines as features [16] . Han et al. propose Sobel and morphological operations to extract the lines [4] . In [8] , the principal lines are extracted using a Modified finite Radon transform to extract the principal lines. Appearance based approaches have also been reported in the literature. They provide interesting results but they may be sensitive to illumination, contrast, and position changes. Lu et al [14] and Wu et al, [26] have proposed two methods based on Principal Component Analysis (PCA) and linear discriminant analysis (LDA), respectively. Connie et al. have proposed several ACP / LDA / ICA-based approaches. The palmprint images are analyzed in a multi-resolution and a multi-frequency representation using wavelet transform [19] .
In our work, a new approach to characterizing the palmprint is proposed. The corresponding image is processed in Radon Domain which has the specificity (1) to transform perfect lines into points, (2) to be robust regarding noise. Consequently, even when the hand lines are not perfectly rectilinear, RT allows a local concentration of the energy for which one can encode their positions. Afterwards, main feature points are connected using Delaunay triangulation for the purpose of defining a unique topological structure for each individual.
The rest of the paper is organized as follows: Section 2 discusses the proposed approach which includes the extraction of Region-Of-Interest (ROI) and the principal lines. Afterwards, we briefly describe the Radon Transform, the extraction of features. We then develop the principal of Delaunay triangulation in order to extract a signature. In Section 3 we provide a criterion of comparison. In Section 4 we report on some experimental results where the robustness of the proposed technique is evaluated. Finally, our conclusions are presented in Section 5.
PROPOSED APPROACH
In this section we present the different steps required for characterizing the palmprint. For this purpose, three sub-sections are presented, namely: ROI extraction, palm lines extraction and finally the processing step in the Radon domain. Figure 1 , shows the block diagram of the proposed algorithm.
In our approach, the maximum values of Radon coefficients will be used to characterize the specific primitives, such as straight lines or arcs of conics. Due to the inherent properties of Radon transform, we deem it a useful tool for the capture of directional features of images. Before the features extraction, it is first necessary to obtain a sub-image from the captured palm. Once the region of interest (ROI) has been extracted from the input image, a line-detector is applied to extract the principal lines. 
Extraction of the palmprint ROI
To extract the region of interest (ROI), we must do a pre-processing of the hand images. The image pre-processing stage involves hand image segmentation; key point determination and finally extraction of the ROI (see Figure 2) . Based on the existing literature, several segmentation methods can be employed. These include: histogram based, clustering gray level based, entropy based, spatial coherence and adaptation local based methods. To extract a ROI from a hand image, two approaches can be used. The first approach extracts a square region [12, 13, 19, 21] whereas the second performs a circular region on the hand image.
In this work, the ROI is extracted using the following steps:
Step 1: a simple thresholding is used to separate the hand region from the background. In this case a threshold is required to convert the gray image into a binary map (see Figure 2 .d).
Step 2: a neighborhood border tracing algorithm is used to obtain the contour of hand shape (see Figure 2 .e)
Step 3: a valley detection algorithm is used to detect the valleys of the fingers (see Figure 2 .f).
Step 4: the obtained valleys serve as basic points in order to locate the region of the palmprint (see Figure 2 .f). In this case it is necessary to set up a coordinate system that is invariant to the rotation and translation of the palm. 
Line extraction
Both the location and the form of principal lines (such as heart line, head line and life line) in a palmprint are considered as important characteristics for the identification of individuals because of their stability and uniqueness [12] . This step requires the application of an average mask, a line detection mask, and finally thinning lines.
Characterization of the palm lines in Radon domain

Radon Transform
Generally speaking, Radon transform decomposes a function in terms of its integral projections [9, 17, 18, [23] [24] [25] 27] . Let be the ROI of palmprint which contains the principal lines. The Radon transform of is a set of projection along the lines according to different angles . Thus is defined as: (1) where and represents the Dirac function defined by:
If we consider a straight line expressed by:
The Radon transform of the function is:
The Radon transform of a line with the parameters is in the space of Radon, a Dirac located on (see Figure 3) . Thus, one can estimate the parameters of a line from the Radon transform of an image. Radon transform is interesting when considering various properties related to the translation, rotation and scaling as expressed by the following equations:
Here the scaling factor and is the rotation angle.
From these equations, a translation of results in a shift of by a distance equal to the projection of the translation vector on the line .
A rotation of by an angle leads to a translation of along . A scaling of results in a scaling in the coordinate, as well as an intensity scaling of . To characterize the ROI image of a palmprint, it is particularly interesting to consider the case containing only the principal lines of the palmprint without outliers. Let: (6) where L is each of the principal lines. Several key features that are compatible with human visual perception can be extracted in the domain of Radon transform. We note that the projection lines at different angles contain crucial information that helps to characterize the structure of the palmprint. The geometric forms such as straight lines or curves can be presented explicitly by the Radon transform which concentrates energies from the image into a few high-valued coefficients in the transformed domain.
Feature extraction
From Radon transform, only the coefficients greater than a threshold are considered. First, we start by extracting the maximum value of Radon coefficients along each projection . The following equation optimizes the Radon transform: (7) where . Then, we use an appropriate thresholding for each class of palmprint images as follows:
where is calculated based on the maximum and the average of Radon coefficients. To adapt the threshold for each specific class of palmprint, we introduced an adaptive empirical factor . The following equation gives the expression of the appropriate threshold: (9) adaptive factor, mean of Radon coefficients, the maximum of the Radon coefficients along each projection.
Once the coefficients of Radon transform are extracted, thresholded and binarized, the representation of palmprint becomes a set of distinct objects. In order to measure the similarity between the different structures, we will identify them by their geometric attributes. Some simple geometric features can be used to describe the signature of the palmprint. In our work, we extract the centroid of each region (high concentration of energy) and eliminate others which are considered as outliers.
Feature modeling using Delaunay Triangulation
We have seen previously how to extract characteristics from the Radon domain. In this section, the dominant points are connected to each other by means of Delaunay triangulation in order to produce a unique [15, 18, 24, 27] , where the processing is achieved on which represents the Binary ROI image geometrical signature corresponding to the analyzed palmprint. In addition to the uniqueness of the Delaunay triangulation, another property of this triangulation is that it maximizes the smallest angle of all triangles. Consequently, one can obtain a regular triangulation [2, 20] . The basic idea is to establish a stable structure of characteristics. One has to point out that the geometrical signature is not sensitive to rotations, which means that the main features are unmodified for a given class.
After binarization of the matrix Radon transform, we extract the centroids of objects in the image and eliminate the outliers (points with small value). Let the set of all centroids which form the signature of the palmprint: (10) where represents the coordinates of the centroid of the object in image.
Once the centroids are extracted in the Radon domain, we use the Delaunay triangulation where the vertices are these centroids, each palmprint is then represented by a particular connected graph with each node constituting a point of Radon transform and each segment connecting two centroids. To compare two structures obtained by Delaunay triangulation of the palmprint, in our approach we used the Hausdorff distance as a metric of measure similarity.
SIMILARITY MEASUREMENT
We need to compare the input image with the training images in the database to determine which training image is most similar to the input image. To show the matching performance of the proposed approach, we have used the Hausdorff measure. The geometrics-based image matching approach is regarded as being more robust against the intensity-based image matching approach. Hausdorff distance has been recognized as providing an effective way for image matching. The Hausdorff distance provides a measure between two point sets. Unlike most of shape recognition techniques which require a one-toone correspondence between the template and the testing data, the Hausdorff distance can be found without explicit point correspondence [3, [5] [6] [7] 11] .
Given two finite points sets . Hausdorff distance is the maximum distance of a set to the nearest point in the other set [3, [5] [6] [7] 11] . Mathematically, Hausdorff distance from set to set is a maximum function defined as: (11) Where , where the centroids are extracted from Radon coefficients and can be any metric between these points. For purposes of simplicity, is considered as the Euclidian distance between . Therefore, one can measure the tolerance of the Delaunay triangulation of two sets of points and based on the measurement of the distance of Hausdorff. Let and the Delaunay triangulation of the sets and . The tolerance is defined as the supremum of all such that if each point is moved arbitrarily the structure does not change. It is defined as follows: (12) where means that and are Delaunay neighbors in if and only if the corresponding points and are Delaunay neighbors in
RESULTS AND DISCUSSION
To evaluate the performance of the proposed scheme, a local specific contactless palmprint database has been used. This database contains 200 images collected from 20 individuals. These images were acquired by a digital camera having a resolution of 1280 x 960 pixels and located at a distance between 20 and 50 cm from the palm. Figure 4 shows the digital device used in our laboratory. Originally, the collected images were 300x300. The central parts of each image are extracted at a size of 128x128. By representing the histogram of Radon coefficients according to several projections (see Figure 6 ), we note that there is a maximum for each projection angle which corresponds to a high concentration of energy. To keep only the maximum coefficient of Radon transform for each projection, we applied an adaptive thresholding to each class of palmprint images. As a result, we obtained a simple representation as a set of distinct objects that can be characterized by a set of features. In our approach, we have considered the centroids for each shape (object) (see Figure 5 .d). We carried out the simulation on several different classes with several acquisitions. Consequently, we were able to notice visually that for an appropriate threshold and for each class of image palmprint, the signature obtained by the Delaunay triangulation is stable for the various acquisitions. It is specific to each palmprint (see Figure 7 ).
Class 1
Class 2 Class3 The rotation of palmprint images at an angle causes a shift of the Radon transform of a quantity proportional to the rotation. The characterization using centroids and Delaunay triangulation, remains stable (see Figure 8) . 
Measure of similarity of Delaunay triangulation
In order to objectively measure the similarity between two signatures, Hausdorff distance has been calculated using the acquired signature and a reference one stored in a database. The lower the distance, the higher the similarity with which to identify an individual. 
Robustness of structure to additive noise
To evaluate the robustness of this method to additive noise, a Gaussian noise is added to the acquired palmprint image with principal lines. For this purpose, various SNRs (Signal to Noise Ratios (dB)) have been considered. 
Consequently, one can say that the characterization of the palmprint using the Radon transform and the Delaunay triangulation is stable and unique for the same palmprint despite the disruption caused by noise. Table 2 gives the Hausdorff distance between the Delaunay triangulation of image and noised image. We see that it remains low, which confirms once again the robustness of our approach to additive noise. We have also simulated disruptions other than additive Gaussian noise and the results are very promising Table 2 . Measurement similarity of noisy image with several SNR (dB) using Hausdorff distance
CONCLUSION
In this work we have presented a new approach to characterizing the palmprint of an individual using both Radon transform and Delaunay triangulation. This approach extracts invariant features from Radon projection of an image obtained after a preprocessing phase in which the principal lines are extracted using an entropic line-detector. Consequently, experimental results show that this approach allows a high stability and provides a good robustness to noise. Using several classes of palmprints, a set of features involving statistical and visual attributes were extracted. However, due to the fact that the number of centroids of Radon transform pattern is relatively small compared to those for minutiae, analysis based on geometrical information is preferred to statistical features. Moreover, since the palmprint pattern is represented as a set of two-dimensional points, matching a pair of such patterns can be achieved easily by measuring the Hausdorff distance between two centroid sets. Based on the obtained results promising performances have been obtained. For future work, the proposed technique can be improved by merging each signature with other useful information such as hand texture.
